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INTERNAL ENERGIZABLE VOLTAGE OR CURRENT 
SOURCE FOR FUEL INJECTOR IDENTIFICATION 

BACKGROUND OF THE INVENTION 

5 This invention generally relates to fuel injector control systems. More 

particularly, this invention relates to a strategy for identifying particular fuel 
injectors to individually contiol injectors based upon their individual characteristics. 

Fuel injectors are often incorporated into vehicle engine systems for 
providing fuel to the engine. One type of fuel injector includes a spool valve that 
10 controls the amount of fuel provided by the injector to the engine. Controlling the 
spool valve typically is done electronically by selectively powering open and close 
coils, respectively, to move the spool into the position necessary to achieve the 
desured fuel flow rate. 

Due primarily to manufacturing tolerances, every fliel injector does not 
15 perform identically. There ai-e two main performance characteristics that typically 
vary from injector to injector. These include the injector's response time to the 
electrical signals to drive the coils and the actual rate of fiiel suppUed by the injector. 
These are often refeiTcd to as the gain and offset of the injector. 

Because there aie variations between injectors, optimum engine performance 
20 requires a strategy for specifically controlling each injector to accommodate the 
individual performance characteristics of each injector. One proposal is shown in 
United States Patent No. 4,972,293. In that arrangement, a strategy is utilized to 
identify individual injectors and to then modify the manner in which each injector is 
controlled to achieve a desired performance. The particular stiategy disclosed in 
25 tliat document is somewhat cumbersome. 

There is a need for improved strategies for identif>dng individual injectors 
and customizing the control of each injector to accommodate for differences 
between individual injectors. This invention provides a unique way of 
accomplishing that end. 

30 
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SUMMARY OF THE INVENTION 

In general terms, this invention is a fuel injector assembly that 
accommodates for differences in perfomiance between individual injectors. 

A fuel injector assembly designed according to this invention includes at 
5 least one coil. In some examples, the injector assembly includes an open coil and a 
close coil. At least one driver is associated with the coil to selectively power the coil 
to achieve a desired fuel flow rate tlu'ough the injector assembly. The coil and 
driver ai*e housed within a fliel injector housing for each individual injector. A 
power source that is extemal to the fuel injector housing provides the power to 
10 energize the driver and drive the coil. Each injector includes an energizable voltage 
or cuiTent source within the fiiel injector housing tliat is energized by the extemal 
power source and then provides an output that is indicative of tlie particular 
characteristics of the fuel injector. The indication provided by the internal, 
energizable voltage or current source permits the controller of the assembly to 
15 customize tlie signals provided to the individual fuel injectors to accommodate for 
the particular performance characteristics of each injector. 

In one example, the internal, energizable power source is a voltage source. 
In another example, the internal, energizable power source is a current souice. 

The various features and advantages of tliis invention will become apparent 
20 to those skilled in the art from the following detailed description of the currently 
prefened embodiments. The drawings that accompany the detailed description can 
be briefly described as follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure 1 schematically illustrates selected portions of a fuel injector 

assembly designed according to this invention. 

Figme 2 graphically illustrates a stiategy for identifjang individual injectors 
and their performance characteristics. 

Figure 3 schematically illustrates portions of a fiiel injector designed 
30 according to this invention. 

Figure 4 illustrates one example internal, energizable cuirent source 
arrangement useflil with an assembly designed according to this invention. 
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Figuie 5 schematically illustrates another example assembly designed 
according to tliis invention. 

DETAILED DESCRIPTION OF THE PREFERRED EM BODIMENTS 

5 A fiiel injector assembly 20 includes a phu'ality of fuel injectors 22. A single 

injector 22 is illustrated in Figure 1 for simplification purposes. Those slcilled in the 
art realize that there are a plurality of fuel injectors associated with a vehicle engine. 
Each of the mjectors has components contained within an injector housing 23. An 
external power source 24 provides power to operate the injector 22. A control 

10 circuit 26 includes a microprocessor tliat is programmed to provide powering signals 
to each fuel injector to obtain the desired injector performance to achieve a desired 
fuel flow rate. 

The operation of fuel injectors and the necessary circuitry and programming 
to operate them is well known in the art. This invention focuses upon 
15 individualizing or customizing the control signals provided to each injector to 
accommodate for variations in performance jfrom injector to injector. 

Identifying injector perfomiance characteristics includes detemiining the 
slope or gain associated with the injector. This phenomenon typically is dictated by 
the electrical response time of the components within the injector. The other 
20 perfonnance characteristic that typically needs to be identified is the offset or actual 
rate of fuel flow from the injector. Ways of determining these two factors are 
discussed, for example, in our co-pending application having Serial No. 09/536,365, 
which was filed on Mai-ch 27, 2000. The teachings of that specification are 
incorporated into this description by reference. 
25 According to this invention, after an injector has been manufactm-ed, but 

before it is installed in a vehicle engine system, it is tested to detemiine its 
performance characteristics. The determined characteristics then provide 
infomiation to sort or categorize injectors. Figure 2 graphically illustrates one 
strategy for categorizing individual injectors according to their perfonnance 
30 characteristics. In tliis example, three different ranges of the slope and tliree 
different ranges of the offset for injectors are predetermined. Given this description, 
those skilled in the art will be able to select appropriate parameters to set the 
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different ranges. When the slope or gain of the injector is determined, that value is 
then categorized as a low, medium or Iiigli value. When the offset of the injector is 
determined, it is then categorized as a low, medium or high value. The tv^'o values 
then provide an identification for the injector based upon a category within which 
5 the values fall. For example, if an injector has a medium slope and a high offset, it 
fits within the category 4 of the matrix of Figure 2. 

Once the appropriate category for the injector is identified, the injector 
preferably is provided with an internal, energizable voltage or current source 2B that 
provides an electrical output that is indicative of the categoiy within which the 

10 injector falls. The controller of the injector assembly then will be able to utilize the 
output of the energizable voltage or current source (after a suitable analog-to-digital 
conversion) to identify the category to which each injector belongs. The controller 
preferably is programmed to provide powering signals to each injector consistent 
with die requirements of the particular category so that a consistent injector 

15 performance is achieved from a fuel assembly even though there may be variations 
in the perfonnaiice characteristics of the particular injectors within the overall 
assembly. 

Figure 3 schematically illustrates selected portions of the internal 
components of the injector 22. A close coil 40 is driven by selectively energizing a 

20 liigh side driver 42 and low side driver 44. When the close coil 40 is energized, a 
valve, which preferably is a spool valve, is closed. An open coil 50 receives power 
from the external power source 24 by selectively energizing a high side driver 52 
and low side driver 54. As Icnown in the art, selectively controlling the open coil 50 
and close coil 40 provides for selectively controlling die operation of the valve 

25 within the injector 22. 

An energizable voltage or current source 28 preferably is placed within the 
injector circuitry within the housing 23. The energizable voltage or current source 
28 preferably receives power from the external power source 24 and then generates 
an output signal that is indicative of the categorization of tlie injector. In the 

30 illustration of Figure 3, the energizable voltage or current source 28 is coupled 
between tiie low side of the closed coil 40 and the low side of the open coil 50. 

-4- 
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In one example, the energizable voltage or current source 28 receives power 
by operating selected drivei-s associated with the coils within the injector In this 
exarnple, no additional wiring is required in the wii-e harness to the injectors. In 
another example, a sepai-ate wire connection (not illustrated) is provided for 
5 energizing the voltage or cuixent source 28 and reading signals from that voltage or 
current source. This represents a slight addition to the wire harness requirements for 
the fuel injector assembly but may be advantageous in situations, to avoid any signal 
distortion caused by the operation of the coils 40 or 50, for example. 

Figure 4 illustrates an example energizable current source. To activate this 
10 circuit, a voltage is placed across the coil 60. This example includes a single coil 60 
that controls the open or closed condition of the injector. Such arrangements are 
generally Icnown where tlie coil and valve portion of the injector operate such that 
when the coil is energized, the valve is switched from a closed state to an open state. 
The valve remains in that state until the coil is again energized, typically with a 
15 pulse excitation signal, to switch the valve to the other state. 

The voltage across tlie coil 60 also appears across the series combination of 
resistors 66 and 68. The resistor 64, which determines the current output, has 0.6 
volt less voltage than the resistor 66 in one example. The output current of the 
current source 28 is given by the equation: Ut (Er66 -0.6)/R64. When this current 
20 flows through the resistor 70, in the controller, a voltage proportional to the output 
current is developed. 

Another example embodiment (shown in Figure 5) includes a zener diode 80 
as a voltage reference source. In this example, the zener diode 80 is coupled 
between the high side of one coil and the low side of the other. Turning on the low 
25 side driver 54 energizes the zener diode SO. The resistors 82 and 84 ensure that the. 
output to the controller 26 is witliin an acceptable range. 

In one example, every time the vehicle ignition is turned on, the controller 26 
preferably polls each injector by controlling the energization of the intemal, 
energizable voltage or current soui-ce 28 for each injector. After the controller 26 
30 determines the category within which each injector belongs, the appropriate control 
signals are provided to each to control fuel flow to the engine to achieve the desired 
vehicle operation. 
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The preceding description is exemplary rather than limiting in nature. 
Variations and modifications to the disclosed examples may become apparent to 
those skilled in the art that do not necessarily depart from the essence of this 
invention. The scope of legal protection given to this invention can only be 
5 detemiined by studying the following claims. 
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CLAIMS 

1. A fuel injector assembly for use in supplying fuel to a veliicle engine, 
comprising: 

5 at least one coil that is selectively energized such that the injector will 

supply fuel to the engine; 

at least one driver that controls energization of the coil; 
an injector housing that houses the coil and driver; 
a power source external to the injector housing; and 
10 an energizable voltage source that is housed within tlie injector 

housing and is energized by the external power source to provide a voltage that 
indicates a performance characteristic of the injector. 

2. The assembly of claim 1 , wherein the voltage source voltage provides 
15 an indication of a gain and offset of the injector. 

3. . The assembly of claim 1, including a controller that causes the 
external power source to energize the energizable voltage source and then samples a 
voltage provided by the voltage source. 

20 

4. The assembly of claim 3, wherem the controller operates the driver to 
energize the coil responsive to tlie sampled voltage. 

5. The assembly of claim 1, including an open coil that is selectively 
25 energized so that the injector will supply fuel and a close coil that is selectively 

energized such that the injector will not supply fuel and including a plurality of 
drivers that control operation of the coils. 

6. The assembly of claim 5, wherein the voltage source is coupled 
30 between the low side of the open coil and the low side of the close coil. 
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7. A fuel injector assembly for use in supplying fuel to a vehicle engine, 
comprising: 

at least one coil that is selectively energized such that the injector will 
supply fiiel to the engine; 
5 a driver that controls energization of the coil; 

an injector housing that houses the coil and driver; 
a power source external to tlie injector housing; and 
an energizable current source that is housed within the injector 
housing and is energized by the external power source to provide a current that 
10 indicates a perfomiance characteristic of the injector. 

8. The assembly of claim 7, wherein the ciureht source provides a 
current that is an indication of a gain and offset of the injector. 

15 9. The assembly of claim 7, including an open coil and a close coil and 

a plurality of drivers for selectively energizing the coils and wherein the cun'ent 
source is coupled between the low side of the open coil and the low side of the close 
coil. 

20 10. The assembly of claim 7, including a controller that causes the 

external power source to energize the energizable current source and then samplesv-a 
current provided by the current source. 

11. The assembly of claim 10, wherein the controller operates the driver 
25 to energize the coil responsive to the sampled current. 
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12. A method of operating a plurality of fuel injectors that each have a 
unique performance characteristic, comprising the steps of: 

identifying a plurality of perfomiance characteristic classifications; 
detemiining in which of the classifications each of the injectors 

5 belongs; 

providing each injector with an energizable voltage source that is 
energized by a power source outside of tlie injectors and provides a voltage that is an 
indication of the classification into which each injector is classified; 

sampling the voltage from each energizable voltage source; and 
10 powering each injector according to the classification of each 

injector. 

13. A method of operating a plurality of fuel injectors that each have a 
unique performance characteristic, comprising the steps of: 

15 identifying a plurality of perfomiance characteristic classifications; 

determining in which of the classifications each of the injectors 

belongs; 

providing each injector with an energizable current source that is 
energized by a power , source outside of the injectors and provides a current that is an 
20 indication of the classification into which each injector is classified; 

sampling the current from each energizable current source; and 
powering each injector according to the classification of each 

injector. 
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